1, C. 6982 Decemeer 1937 


UNITED STATES 
DEPARTMENT OF THE INTERIOR 
Harovo L. Ickes, Secretary 


BUREAU OF MINES 
Joun W. Fincu, Director 


INFORMATION CIRCULAR 


PUMPING OPERATIONS IN THE CRIPPLE CREEK DISTRICT, COLO. 


BY 


Jos. R. GUuITERAS 


PN teen st ee 


ORT 
THE BUREAY op RED YOUR PURPOSE AND IF YOU HAVE NO FURTHER NEED POR IT, PLEASE RETURN IT TO 
Mines, USING THE OFFICIAL MAILING LABEL ON THE INSIDE OF THE BACK COVER. 


» Google 


1c. 6982 
Secenber 1937 


INFORMATION CIRCULAR 


‘ 
fete 
— enews, ee 


PUMPING OPERATIONS IN THE | 
CRIPPLE CREEK DISTRICT, COLO. 


Ey Jos. R. Gul'tenace/ 


CONTENTS 


NITED STATES DEPAOMONT OF THE IGERIOR — BUREAY OF MINES 


E 


ANUP OCICS LOM 15is5orasee is. aicavarid w ivice ta. or arenes erateilele we ace Scie) eienaiaeie ar 
ACKNOWL CGSNCN ES”. Avee:to.0 6 awe 615608, 2b ek acta were peur 
Unipole ‘Creek district: éivwsbedeioncoree ke ase beuecekes 
GOOLO2Y ve arss. ee wes Se Gree aww elec oene err eee ee 
GOld producti OW sce dwecekecieseseieetuw been esar 
Unwatering operations See ee ea 
Ajax mine, Golden Cycle Corporation secccseccocs 
Cresson Consolideted Gold Mining and Milling Co. 


Mr Ew Mm PP 


Vindicator nine of the United Gold Mines Co. ... 12 


Summary and conclusions sccceccccsecereecs picstnarets eee LY 
LLLUSTRATIONS 
Figure Following Page 
1. Cripple Creek crater, showing the positions 
Of the principal shafts along the 
Roosevelt drainage (unnel .iwsssswsiesedacven (2 
ce Deep mines cf the Crippie Creek district con- 
nected with the Roosevelt tunnel ..ccccawecee 4 
Weir at portal of Roosevelt dreinage tunnel ... 4 
~ Plan of 2300 Ajax winze station .esecesesssseee 6 
a Section through 2300 Ajax pump station .eseecee © 
ce Ajax water doors, 2300 level secccccscccccsseee O 
fy Vertical section showing 8-inch air-lift in- 
z Stallation at Cresson mine cecccccecsescccccee LO 
* +0p and bottom connections, air lift at Cresson 
MTG SSceweecedee eee tena wdc twa estes Se . LO 
J. Optional type of top connection used at Cresson 
10 


l Mine @eeeveeeoeaeeseenvoeveV4aeoeeeweeroervreeeerteseeteeeeweeeeee e©eee@ 


The B a a een te sec as A eee, 
ie Of Hines will welcome reprinting of this paper provided 
; ae owing footnote acknowledgment is used: "Reprinted from 
é/ Mining eae Mines Information Circular 6952." 
Bureay, Speer Mining Division, Metal Mining Methods Section, 
£969 ines. 


Google 


I. C. 6982 


Figure Following Page 
10. Foot-piece of 6-inch air lift, Cresson mine ...10 
Dis: Weir ot Cresson Mine: 3.6 -s6 swe oe eiwidtaee Ganks eee LO 
le. Graphic log of unvatering operations, Cresson 
TDC: seca eia bie erecta be ee ih ieate ei Ss lateral ae a eae oe LO 
INTRODUCTION 


This paper describes the nunpving operations at the Ajax, Cresson, and 
Vindicator mines in the Cripple Creek mining district of Colorado during 
the summer of 1936. At that time the three mines were pumping 6,500 gallons 
of water per minute into the Roosevelt drainage tunnel. Cripple Creek is 
the most important gold district in the State; it has yielded gold valued at 
over $365,000,000. The mines engaged in pumping are among the largest pro- 
ducing properties in the district. 
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Salsbury, engineer at the Portland mine, who supplied technical data on the 
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CRIPPLE CREEX DISTRICT 


Gold was first discovered by Bob Womack in 1891 in what is now the 
Cripple Creek mining district. The district comprises an area of some le 
square miles lying about 9 miles southwest of Pikes Peak; altitudes range 
from 9,000 to almost 11,000 feet above sea level. The district can be 
reached easily from Colorado Springs over the State highway via Divide or 
over the new Corley toll road; the distance by either route is about 45 
miles. The winters are not as severe as the altitude would suggest, and 
Mining is carried on the year round; the summer climate is ideal. At the 
northern end of the district is the town of Cripple Creek, county seat of 
Teller County, with a population of about 2,500; at the southern end is 
the town of Victor, a little smaller. A paved highway about 6 miles long 
connects the two. : . 


Geology 


The geology of 3)° Cripple Creek mining district has been described by 
Lindgren and Ransome3/ and more recently by Loughlin4/ and by Loughlin and 


3/ Lindgren, Waldemar, and Ransome, F. L., Geology and Gold Deposits of 
the Cripple Creek District, Colo.: Geol. Survey Prof. Paper 
54, 1905, 516 pp. | | 

Uf Loughlin, G. F., Ore At Deep Levels in the Cripple Creek District, 
Colo.: Am. Inst. Min. Eng. Trans., vol. 75, 1927, pp. 42-73. 
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Koschmann 2! Impetus to geologic study of the district was given recently 
by the problem of mine drainage with deeper mining, especially as it 
affected the justification for driving another and deeper drainage tunnel 
in the district. From these studies it appears that explosive eruptions 

in fissured granite produced many local craters, which coalesced toward the 
surface to form the Cripple. Creek crater. (See fig. 1.) The rocks within 
the composite crater are mostly breccia and phonoiite. Dikes cut the rocks 
within the crater and also the surrounding granite. Ore~-bearing solutions 
rose through the subcraters and connecting networks of fissures. Similarly, 
the ground water now within the composite crater occupies the same fissure 
systems and subcraters; it becomes segregated into separate bodies with a 
lowering of the general water level. The surrounding grenite is relatively 


impervious. 
cold Production 


Although one of the smallest in area of Colorado's mining districts, 
the Cripple Creek district has yielded over half of the gold produced in 
the State. The peak production for the district was reached in 1900, when 
$18,149,645 in gold was produced. The following statistics?/ indtente the 
importance of the Cripple Creek district in Colorado mining during 1935. 


Gold nroduced in Colorado and Cripple Creek, 1945. 


| Cripple Creek | State of 
| district ; Colorado 
number of lode mines producing gold in 1935, le2 870 


Wunber of placer mines producing gold in 
8 gue 


95). Sarde eel Sere ie Sas oe or ee ee oe i 
Snort tons of ore from lode mines sold or | | 

treated for gold in 1935 ceccccccccccceee!| 460 Ube 1,770,934 
Cunces of gold produced at lode mines in | 

OI 5 Oy alatinslar aca Sue rrsyavi Ga ave oteeaiare eats ea ceaareie ere eee 124,287.66 329 ,917.8 
Cunces of gold produced at ene mines in 

TO 2D a. cieids aera ec oo wkean aes re Tare a 36.34 19, 363.0 
Value of gold produced at lode and placer 

Mines in 1955. senwe ss vwseedseawwee cei eo} $4,351, 340 $12,224,828 


Preliminary figures for 1936 snow an increase of about 4.4 percent in 
the gold production of Colorado and an increase of about 13.1 percent in the 
rroduction of the Cripple Creek district. Gold ore mined in the district 
during 1936 represents a smaller number of operations than in 1935; most of 
them te by lessees. From 1,500 to 2,000 men are employed in the 


mines. 


5/ Loughlin, G. F., and Xoschmann, A. H., Geology and Ore Deposits of the 


Cripple Creek District, Colo.: Colo. Scientific Soc. Proce, vol. 13, 
No. 6, pp. 217-435, 1935. 


6/ Henderson, Chas. W., and Martin, A. J., Gold, Silver, Copper, Lead, and 
Zinc in Colorado: Minerals Yearbook 1936, U. S. Bureau of Mines, 1936, 
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UNTATERING OPERATIONS 


Encouraging gold values encountered below the natural ground water 
level in the early history of the camp led to pumping. With deeper mining, 
tunnels were driven to drain the district or parts of aie The principal 
tunnels driven for mine drainage in the district are: 


1896 — Ophelia tunnel at west base of Gold Hill. 

1898 — Standard tunnel from west slope of Beacon Hill. 
1903 ~— Tunnel to penetrate El Paso mine. 

1907-1918 —~ Roosevelt tunnel, 


In his interesting chrgnologtc history of the driving of the Roosevelt 
drainage tunnel, Henderson®/ states that the tunnel was started on May 11, 
1907, to gain 740 feet of drainage, and that it was completed to its present 
length of 24,255 feet in 1918. The tunnel is-6 feet high and 10 feet wide 
and cost about $28 per foot; it is untimbered. 


Mines in the southern part of the district continue to find ore below 
the water level. Encouraged by the present price ($35 an ounce) of gold 
and by the gratifying results of deep development at some of the properties, 
many mining companies in the district are undertaking an increasing amount 
of sinking and unwatering. In August 1936, pumping from deep levels: was 
being done at the Ajax, Cresson, and Vindicator mines. The water pumped 
from the mines is delivered to the Roosevelt drainaze tunnel. Figure 2 
shows a vertical section of the deep shafts in the district that are con- 
nected with the tunnel. 


The water runs "open" in the drainage tunnel; there is no flume except 
for a few feet at the measuring weir near the portal. The weir is of the 
rectangular tyve with end Cone SRC EAOues figure 3 shows the general arrange- 
ments. : , 


Measurements and calculations are made weekly. af° quantity of water 
flowing over the weir is calculated from the formula:2 


Q= Ce where 
quantity of water in second-feet. = = | 
head of water over crest of weir, in feet. This is determined 
by stretching a string horizontally from a stick to a rule 
held vertically on the crest of tne weir. A reference nail 
on the stick is 11-1/2 inches above the crest of the weir: 
the usual (August 1936) water level is a little below the nail. 


{/ Application for proposed deep drainage-tunnel project for the Cripple 
Creek mining district by me Mine Owners Association of ers Ppse Creek, 
Colo., 1935. 

&/ Henderson, C. W., Mining in Siete U. Se. Geol. Survey Frof. Paper 
138, 1926, 263 pp. 

g/ Not strictly applicable to a contracted weir, but more convenient to 
use. The error is probably not greater than the error in the measure— 
ment of "h," 
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Figure 2.—Shafts of deep mines of Cripple Creek district connected with Roosevelt tunnel (U. S. G. S. datum plane). 
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Figure 4.—Plan of 2300 Ajax winz station. 
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c = constant, 3.3 used in this case. 
a * width of weir in feet, 4.0 in this case. 


The flow of water over the weir always measures less then the com- 
bined amounts of water pumped into the tunnel at the Ajax, Cresson, and 
Vindicator mines. In the sunmer of 1936 the discrepancy was about 2,000 
gallons per minute. This condition would indicate either considerable 
error in one or more of the water measurements or a seepage of water from 
the drainaze tunnel into the rocks. 


Three power lines pass through the district - one from Canon City 
and two from Pueblo; service is therefore very dependable, 


Ajax Mine, Golden Cycle Corporation 


The Ajax mine is in the southern pert of the Cripple Creek crater, 
as shown in figure 1. The main shaft is about a quarter of a mile north 
of Victor; the elevation of the shaft collar is 10,108.17 feet. The mine -. 
was shipping about 100 tons of gold ore a dey in August 1936 and there 
were 114 men on the payroll. The ore was mined in shrinkage stopes averag~ 
ing from 5 to 6 feet in width. About 85 percent of the ore hoisted was 
shipped; it averaged an ounce of gold to the ton and obviously justified 
the pumping cost of about $100 a day. The Golden Cycle Corporation of 
Colorado Springs hought the property from the International Mining Corpora~ 
tion of New York on August 23, 1935. At that time the bottom of the mine 
was the bottom of the main shaft at the 2,150 level. The new owners be- 
lieved that ore bodies would be encountered between the 2,150 and 2, 300 
level, and subsequently developed and stoped ore at this horizon. 


Instead of deevening the main shaft from the 2,150 level to the 2,300 
‘level, a winze was sunk a short distance frem the snaft. This was done be- 
cause it was foreseen that the shaft would cut a water fissure and that 
probably the flow would te too great to permit the sinking to continue. 

The winze was vlaced so that the water fissure was avoided. It is 4 feet 
by 10 feet 8 inches inside the timbers;'104 feet of it was sunk in one 
month. Py the time the shaft is deepened, much of the water from the fis-~ 
sure will have been drained. When the shaft reaches the fissure, sinking 
will be suspended temporarily while the water is sealed off with cement; 
Sinking will then proceed, - 


At the Ajax mine the water inflow does not seem to be affected by 
seasons; apparently it depends upon the rater pockets cut by underground 
workings. When a pocket is encountered, as by a drill hole, it is not 
renetrated by workings until the pumps have the flow well under control. 
The water is very slightly acid. It is clear except for fine rock particles 
ticked up in fault channels. Water is regarded as a sign of fractured rocks 
that may carry ore. 


About 1,500 gallons of water per minute had been pumped from the 2,150 
station previous to sinking the winze to the 2,300 level. When the winze 
waa sunk and the 2,300 station cut, 500 gallons per minute were pumped by . 
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auxiliary sinking pumps. The station was cut on the 2,300 level in 
January 1936, and the present pumping equipment (see p. 7 ), with the 
exception of the Lecourtenay pump, was installed at that time. 


Figure 4 is a plan of the 2,300 winze station; it shows the sump 
arrangement and the position of the pumps and of the water doors in 
the crosscuts, Figure 5 is a vertical section through the station. 


After the pumps were installed, the Mohican crosscut on the 2,400 
level was driven. Water doors were constructed at the points shown in 
figure 4, The doors are made of 3/4-inch steel sheets reinforced by 
four 390-pound rails. Knee braces of 90-pound rails extend from the 
center of the door to hitches in the concrete foundation. Details of 
the constzuction are shown in figure 6. A similar water door was put 

on the 2,200 level during April and May 1936. 


| Water was encountered as the crosscut advanced and it became neces- 
sary to use the two Goulds pumps to handle the flov, which was about | 
1,500 gallons per minute. With the driving of the Nevmarket crosscut, 
2,000 gallons per minute were added to the flow. All four pumps were 
then required. 


The winze development costs in 1936 are shown in the following tabu- 
lations: 


Cost of excevating pump sump and widening station on 
) 


2, 300—~foot level. Work done in January 1930 


LADOT ies é ca deuedicmmendassewareceenoeseves O4p lle! 
Compensation insurance seeseseccesesecceee 217.09 
(SLOres: .sccsolsteaeiniesaeeucetaeteceeue. pOess5° 
HOl Stine -scinueceserabieee sc siwenweee ewes 571.12 


Air @eevoeeereseeeevecevneeese eeeoeeeeeaeneesennene 851.56 

“BUCEL SHAT DeNI NS 6% 65:6 s wc oa weiss Sosa sneer 163,02 
NeW BUCS): 6-ciwnadamasceseckeaea ean Seestarsenate 196.42 

Surface loading and tramming .......... ots 66.64 

1,200.75 


- The station required the removal of 360 cubic yards of rock and the 
sump 150 cubic yards, making a total excavation of 510 cubic yards. 


Cost of water doors (two) installed on 2,300 level, 
work done in January and February 193 


Ee DOR’ ers Gs eae aed e dkion a Setenuiatesatene e (O95e45 


Compensation insurance seseeecscceccecece é 36.72 
SUS eG: cae teclh ek essed eer ea eee oe ib oes 518.65 
| 1;250.82 
Total COSU. meseden.e Meee ceatieteeeeke. 2 U5k.57 
599 -o6- 
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Figure 5.—Section through 2300 Ajax pump station. 
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The foundations for the two water doors on the 2,400 level were con- 
structed of a 1:2:3 concrete mixture. They required: 


Cement .--ce- eevee ‘(175 sacks 
Sand: sss s0esseeee: 50,700 pounds 
Gravel and rock.. 67,600 pounds 


In August 1936 the Ajax mine was pumping about 3,000 gallons per 
ninute, using four centrifugal pumps whose combined capacity was 3,500 
gsellons per minute. The following tabulation shows the Kinds and sizes 
of pumps used: 


Pumps used at the Ajax mine 


Capacity, Suction|Discharge |Cost of 
zeal. per Make Type Hp. of! pipe, pipe, pump 


Iin. motor | inches inches only 
1,200 Goulds e-stage centrifugal & g $ 685.66 
Z00 do. 3-stage centrifugal 6 6 557.67 
150 Manistee 3~stage centrifugal 6 6 500.00 
750 eee ones 3-stage centrifugal 6 5 (used) 
3,500 so10 1, 743.33 


4 __ . . 
The water column is ée-inch i steel pipe. 


All pumps are run at 1,750 r.p.m. by 2, 300-wolt, 3~phase, 40—cycle 
motors. Foot valves are us ed on the suction lines to assist in priming the 
pumps wnen starting. 


Factors leading to the choice of centrifugal pumps for the station 
were ease and speed of installation, first cost, quantity of water, pumping 
head, and space required. 


The pumping head is 400 feet, equivalent to a pressure of 173.6 pounds 
ner square inch. The water is collected in a sump on the 2,300 level. The 
pumps are just above the sump (see figs. 4 and 5). The water is pumped up 
the winze from the e » 300 level to the 2,150 level, a vertical height of 
250 feet. The pipe runs horizontally for about an feet on the 2,150 level, 
then it rises 150 feet vertically through en old stope to the 2,000 level. 
Tre water runs in a flume on the 2,000 ievel for a distance of 1,400 feet, 
then in the open crosscut for 500 feet. It then drops about 40 feet down 
a raise to a crosscut on the 2,100 level of the Portland No. 2 mine. It 
Tuns along the crosscut in a flume for 1,850 feet and enters the Roosevelt 
drainace tunnel. 


The mine works two shifts - the day shift, from 7:30 a.m. to 4:00 p.m, 
and the night shift, from 6:00 p.m. to 2:30 a.m. Pumping is continuous, 
however, and requires that pumpmen and hoistmen work on a three-shift basis. 
Pirpmen are paid $138 per month. A mechanic is available for repair work 
on the vumps when needed. | | 
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Electric power is purchased from the Southern Colorado Power Co. at 
Canon City. It is delivered to the substation at 6,600 volts and is 
there stepped down to 2,300 volts for the pump motors. The power cable 
is carried down the manway compartment of the main shaft. It is size 0, 
packed in jute and rubber, and lead-covered. 


The cost of vower for July 1936, representative of average power con- 
sumption, was made up as follows: 


282,000 kweeh?e @ $0.007 ennesceveeecevocve esoee $1,974.00 
Connected load on pumps, 550 hp. @ $1.00 , 550.00 
Total power bill for July 1936 ...... 2,524.00 


Pumping costs at the Ajax mine are shown in the following table: 


{-month period, 


| July 1936 Jan. 1 to July 31, 1936 
LADO O  trkve sage eee eae ae eee $ 538.75 | $ 5,165.69 
Compensation insurance .eceoeee a5e09 | 205.88 
UDP LLCS 2.4-<6ee eases Gun Ge eens 90.14 1/309.98 
ie cocackecueeauaneseunsiantael sega: 2/310.75 
POWEL SS eaidsiunee eaen snide sewer 2,524.00 12,267.60 
Goulds: Pumps .ssses-esweSale see 3396.20 4/1,639.53 
230 feet of 12-inch pipe cece. awe 5/ 684.00 


3,584.38 21,163.43 


l/ Includes cost of concrete base. 

2/ Air for sinker pump used to clean the winze on the 2,300 level; also 
for an air lift that is used to remove from the sumps the fine rock 
particles brought from fault zones, 

/ Cost of an assembly (an assembly lasts 4 or 5 months). 

h/ Cost of the two Goulds pumps, including assembly. 

| 5/ Balance of pump column is used ld-inch pipe borrowed from the Cresson 

mine. 


Assuming an average pumping rate of 3,000 gallons per minute during 
July 1936, the pumping cost would be $0.027 per thousand gallons. 


Cresson Consolidated Gold ifining and Milling Co. 


. The Cresson mine is a little over a mile north of Victor. (See fig. 1.) 
The altitude of the shaft collar is 10,030 feet above sea level. In Septen- 
ber 1936 the mine was working three shifts a day. Drilling was done on the 
day shift, hoisting on the day and afternoon shifts, and on the night shift 
timber and steel were taken down and repairs made to the main shaft. 


The mine was producing about 350 tons of ore a day, valued at about 
$10 per ton. Production was from above the 1,700 level, a little more than 
half of it being mined by the company and the rest by lessees, All ore mined 
was shipped to the Golden Cycle mill at Colorado City. 
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Many interesting pumping »vroblems have been encountered and solved 
at the Cresson mine. In December 1926, development work opened so much. 
water—bearing ground that it became necessary to pump 5,800 gallons of 
water per minute. On April 29, 1929, with the mine making 3,300 gallons 
per minute, the pumps were pulled. The mine filled to within 17 feet of 
the level of the Roosevelt drainage tunnel, which at the Cresson mine is 
at an elevation of about 8,110 feet and corresponds to the 1,/00 level 
of the mine. Connection to the tunnel was made in 191 10 by driving a 
lateral from the drainage tunnel to intersect a crosscut on the 1,700 
level of the mine. On the 1,300, 1,900, and 2,000 levels of the mine, 
on both sides of the shaft and about 50 feet from it, are heavily rein-~ 
forced steel water doors 3 feet wide and 5 feet 8 inches high. The gener- 
al design is somewhat similar to that of the Ajax water doors. (See fig. 


6.) 


Pumping operations prioy to flooding the lower levels have been 
described by Guy Rorabaugh— , master mechanic at the Cresson mine, to 
wnom the writer is indebted for the information pertaining to the air- 
lift installation, 


The objective of present (Sentember 1936) dewatering operations is 
to drain the mine to the 1,800 level. Air lift was selected for the 
work because the former column pines were in place and open at the botton, 
space for pumping equipment in the shaft was limited to the manway, ample 
eair—~compressing machinery was already installed, and only incidental addi- 
tional labor would be required. 


The compressors are run by the fireman who tends the boilers for the 
steam hoist; he is paid $4.50 per day. There are three electrically 
driven compressors at the mine; they have the following specifications: 
One 2,2C0-cubic foot compressor direct-connected to a 305-horsepower, 440- 

volt, 30-cycle, synchronous motor running at 200 r.pen. | 
One 1,800-cubic foot compressor, belt—driven by a 250-horsepower, 440-volt, 
%0-cycle, induction motor at 155 r.p.m. This compressor is run only on 
day shift. | 
Cne 8CO-cubic foot compressor, belt—driven by a 100—horsepower, Wuo-volt, 
30~cycle, induction motor at 165 r.peme 


The air is delivered at a pressure of 100 pounds per square inch to 
two receivers, one 3 by 10 feet and the other 4 by 10 feet. It enters the 
mine throuzh a 6-inch main air line. 


In September 1936 about 35 drills were running in the mine. Four air- 
lift installations were in simultaneous operation in the main shaft. They 


10/ Bebee, A. He, and Johnson, C. H., Mining Methods and Costs at the 


Cresson Mine, Cripple Creek, Colo.: Information Circ. 6306, Bureau 
of Mines, November 1934, 14 pp. 2 

1i/ Rorabaugh, Guy, Drainage and Pumping at the Cresson mine: The Mining 
Congress Journal, vol. 15, no. 3, March 1929.. 
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consisted of one 6-inch discharge pipe with a l-inch air line, one’ 8<inch 
discharge pipe with a 1-1/2-inch air line, end two J-inch discharge pipes 
with 1-1/2-inch air lines. The lift (pumping head) was about 127 feet. 
Both 9~inch lines and the 6-inch line are old pump columns; they extend to 
the 2,000 level. The 8=-inch line extends 300 feet down the shaft-from the 
1,700 level (figs 7); top and bottom connections are shown in figure 8. — 
Another type of top connection that has been used at the Cresson mine is 
shown in figure 9. Many types of foot-—pieces have been used; figure 10 
shows the foot-piece on the 6minch line. 


The discharge pipes of all the lifts make a right-angle turn on the | 
1,700 level and extend practically horizontally for about 800 feet, except 
that the discharge from the 8~inch lift and that from one of the 9-inch 
lifts are combined near the shaft in a lé~inch discharge pipe. Beyond the - 
end of the discharge pipes the grade of the crosscut accomodating them 
reverses and slopes toward the Roosevelt drainage tunnel, that part of the 
connection having been driven from the tunnel. The water is released from 
the pipes behind a dam, over which it flows into the crosscut and joins the 
quiet water above a weir. The weir is of the contracted type; the width of 
the opening is 46 inches. Water measurements are made at the weir continu- 
ously on a revolving chart; the set-up is showm in figure 11. Every 24 
hours the chart is removed by the master mechanic. The height of the water 
surface above the weir is avercged for a a'i-hour period, the elevation of 
the crest of the weir being zero on the chart. The average shown on the 
chart 1s doubled, since the recording pen is on a vertical lever arm only 
half'as long as the horizontel arm. (See fig. 11.) The height of the water 
surface is taken from the quiet water about 6 feet back from the weir. The 
quantity of water flowing over the weir in a 24-hour period, that is, the 
water discharged by the air lifts during that period (8 a.m. to 8.a.m.), is 
found from the formulalé 


Q = 0.4 (1n3/2) 


Be Sa uentity of water in cubic feet per minute, 
: = length of top edge of weir in inches (46 in this case), 


h = height of water surface above crest of weir in inches. 
The quantity found may be converted into gallons per minute by mal eipidas 
the number of cubic feet per minute by 7243. On August 10, 1936, the chart 
showed an average head of 6. 39 inches; the discharge was recorded | as 2, 220 
gallons per minute. ,; 


vhere Q 


The average number of gallons per minute pumped each day, and the 
water level.in the main shaft and in the 1704 stope, are plotted on a graph- 
ic log kept in the engineering office. A reproduction of the log (figure 
12.) shows the lowering of the water table with continued pumping, rapid at 
the beginning, then more graduel, then rapid again then the paanch lift was 
added. 


1e/ Not strictly applicable to a contracted weir; probably used for con— 
venience of calculation. | 
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Figure 7.— Vertical section showing 8 inch air lift installation, 
Cresson mine. (Not to scale.) 
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Figure 8.—Top and bottom connections, 
air lift, Cresson mine. 
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Figure 12.—Graphic log of unwatering operations, Cresson mine. 
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A continuous record of the air vressure is kept on a recording 
vressure gazee Drops in the quantity of water discharged by the air lifts 
are usually accompanied (allowing for 5 little lag) by drops in the air 
pressures. A drop in the water vumped without a corresponding drop in the 
air pressure is ean incication that the air lifts are not functioning prop~ 
erly. 


The master mechanic keevs a daily log of the performance of the air 
lifts, including memoranda of alterations, repairs, etc., as shown in the 
iollowing tabulation: 


Log of air-lift punping 


Remarks 


np eens a sr TO RSD re AEE ae Par 


1935 
Hoy 15] 2,300 | Air pipe for lift No. 1, S-inch, 256 feet long. 
Air pipe for lift No. 2, J-inch, 240 feet long. 


Air pipe for lift No. 3, J-inch, 258 feet long. - 


May el) 2,165 Changed eir pipes to 279 feet. 
Total for May 15-31 = 54,188,300 gallons. 
Average gallons per minute = 2,215. 
Overall efficiency = 17.5 percent. 
Water in main shaft at 85 feet below 1 700 level. 
Cost of power per 1,000 gallons = $0. 01178. 


ve —~ |Total for June = 92,400,000 gallons. 
Average gallons ver minute = 2,138. 
Overall efficiency = 20.8 percent. 
. Cost of power per 1,000 gallons = $0.0113. 
pone eco 
Jul “a | 
v6 1,775 |G6-inch lift out of order. Henaired by raising air pipe. 
Total for July = 84,981,000 gallons. 
Average gallons per minute = 1,900. 
Cost of power per 1,000 sai tene = €0.0135. 
eee! 2.255 
ee ert Aided 25 feet to eir lines on the two 9-inch lifts. 
Nie : 
Ane, 20 2,02 
fig ,2] : 
: 1,865 12-inch Cischarge line broke in crosscut (cost about $30.00 
Aug 2% to renair). 


9 
Total for Sueust = 96,196,000 gallons. 
Average gallons per minute = 2,160. 


; Overall efficiency = 19.8 percent. 
- Ot g ee 
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The compressed air used for the air lifts is provided by the elec-— 
trically driven compressors already described. Inasmuch as the same conm- 
pressors furnish air for drilling, the amount of power properly chargeable 
to pumping is not known definitely. 


Power for drilling costs $0.01 per kw.e-hr., whereas power for pumping 
costs $0.007 per kw.—hr.; therefore, it was necessary to divide the power 
between "operating" and "pumping" on a definite basis. The following pro- 
cedure was used: 


Power used in- Kwe-nr, 


January 1936 .cccecececceccceese 133,050 
PEDYURTY <osiatiewt- us atese neue « 143,550 
March eoevccesscece EGiintweeewee: -L47 LOO 
April COTS OBOE e ere eeeeeeeseses 138,900 


Monthly average = 140,662 kw.-hr. used for operating only; the air- 
lift pumping did not begin until Mey 15, 1936. For subsequent months, the 
power charged to pumping is the total metered kw.—hr. less 140,662. But 
the mine must pay for 160,000 kw.-hr. at $0.01. The difference (160,000 - 
140,662), 19,338 kw.-hr., is therefore charged to pumping at $0.01 per 
kw.~hr. The rest of the power used for pumping is paid for at $0.007 per 
kwe-hr. During the month of July 1936: 


Power chargeable to pumping .....e.-- 155,288 kw.—hr. 

Paid for at $0.01 (160,000 — 140,662) $ 19,338 $193.38 
Paid tor at $0,007 ssasscescseesicewen 135,950 «ctaeey “951265 
Cost of power for pumping, July 1936 ccccecevescceseeegl, LU5.03 
Total gallons of-water pumped during July ...... 84,981,000. 
Cost of power per 1,000 gallons pumped in July ......-$0.0135 


Vindicator Mine of the United Gold Mines CO. 


The Vindicator mine is in the tovwm of Independence, 2 miles north of 
Victor. The collar of the main shaft is 10,209.4 feet above sea level. 
The pump station is on the 2,100 level and the bottom of the shaft is about 
10 feet below that level. The pumps were drowned in 1921. The water rose 
to the 2,000 level and remained there for 15 years. In January 1936 the 
mine was unwatered. It took 31 days to lower the water to the 2,100 level, 
which is 125 feet below the 2,000 level. Air lift was used for most of the 
distance, a 4-inch discharge pipe with a 1/2-inch air line welded to the 
Outside of. it being used; sinking pumps finished the work. Thereafter, 
pumping has been continued from the 2,100 station so that four leases on 
that level might be operated. 


The water is pumped from the sump on the 2,100 level up to the 2,000 
level, a pumping head of 125 feet. The water runs "open" on the 2,000 level 


for 1,800 feet and then drops down a 65-foot raise to the Roosevelt drainage 
tunnel. Surface water is intercepted on the 400 level and on the 1,000 level. 


D922 ~ 12. 
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From small sumps on those levels the water is conducted through a 53-inch 
pipe to the 2,000 level, where it runs into the Roosevelt drainage tunnel. 
During the spring and in July and August the small sumps on the 400 and 
1,000 levels sometimes overflow. 


The quantity of water pumped from the 2,100 level is not affected by 
seasons; it depends upon the water channels cut by the mine workings. 
Apparently the water channels in the Vindicator ground are distinct from 
those at the Ajax or Cresson mines; pumping in the latter two mines does 
not affect the water level at the Vindicator. The Vindicator mine and the 
neighboring Golden Cycle mine cut the same water channels. The water in 
‘the Vindicator mine is clear and only very slightly acid. It wes drunk, 
without harmful effects, by a mule used in the mine. 


In September 1936 pumping equipment at the Vindicator mine consisted 
of the following: 


Capacity, : _ Suction] Discharge 
gal. per, Make | Type Hp. of! pipe, pipe, 
Mine , ; motor j inches inches 
500 . Byron—Jackson.: Single-stage centrifugal] 35 | 5 yy 
750 .Lecourtenay ! 3-stage centrifugal 100 6 5 
1,500 __. Manistee , Single-stage centrifugal] 100 6 | 5 
23150 | : 


These pumps were used because they were available and could handle © 
the water. They are set on a platform 3 feet above the floor of the 2,100 
‘level and are driven at 1,700 r.p.m. by individual direct-connected, 2, 300- 
volt, 3—phese, 30-cycle motors. In September 1936 about 1,400 gallons per. 
ninute were being pumped from the 2,100 level. To handle that amount, the 
Manistee pump, running elone, was used alternately with the two other pumps 
working tosecther. 


The sump on the 2,100 level is the extension of the shaft below that 
level; it is 5 by 16 feet in section and 10 feet deep. Every two months the 
sump is cleaned with a sinking pump after first closing the water door. The 
door on the 2,100 level is about 4O feet from the shaft and is constructed. 
of a Tainen steel plate, 4-1/2 by 5-1/2 feet in size, heavily reinforced 
toth ways with §0-pound rails. The concrete foundation is recessed for 
packing, against which the door closes. 


The mine works only one shift; the pumps, three. The State law requires 
a hoist man to be on the surface while the pump man is in the mine. The 
hoist men on the 4 o'clock and 12 o'clock shifts have no other duties than- to 
serve the pump men. The daily labor cost of pumping is therefore as follows: 


Three pump men at $4.90 ..ceoessee $14.70 
Two hoist men at 5e45 .eeeecseee 10.90 


25.60 
D2 =i) 
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Electric power for pumping is purchased from the Southern Colorado 
Power Co. It is stevpedad down from 22,000 volts to 2,300 volts on the 
surface. The cost of power is $0.01 per kw.~hr. plus the horsepower 
demand. Power is metered on the primary side; distribution of power 
costs was not available. Lightning causes the only interruptions in the 
power service; during July and August 1936 the power failed 15 or 20 times 
due to lightning. 


SUMMARY AND CONCLUSICHS 


In the summer of 1936, the three mines herein described were pumping 
water under the following conditions: 


Pumping cost 
per 1,000 gallons 


Gallons punped | 
per minute 


Pumping head, 
in feet 


Ajax Centrifugal | 1/ $0,027 
Cresson Air lift | 2/0135 
Vindicator| Centrifugal 1,400 3/0127 


{ gee ee an 
1/ For July 1936; see p. & for items included in pumping cost. 


oo 


2/ For July 1936; cost of power only (see p. 12). 
3/ Cost of labor only (see above). 


Deep development is the outstanding feature of present (1936) mining 
activity in the Cripple Creek district. To the mines whose workings extend 
below the level of the Roosevelt dreinage tunnel, deeper development intro- 
duces pumping costs that increase with the depth of development. Pumping 
costs are high on account of the large quantities of water to be raised; 
power rates are relatively low. The discovery of ore bodies several 
hundred feet below the present water level that yield a substantial profit 
in spite of pumping costs should continue to stimulate deep development in 
the district. 
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